Japan experienced measles outbreaks in both 2006 and 2007 mainly among university students. Improvement of vaccine coverage against vaccine-preventable viral infections is the prime task for preventing outbreaks of viral infections. To elucidate the promoting factors for complete vaccination against measles, rubella, mumps, and varicella-zoster viruses, we conducted a case-control study among single university students in Japan. Information on vaccinations and clinico-demographical factors were collected using a self-administered questionnaire and a photocopy of the Maternal and Child Health Handbook. Logistic regression analysis was performed to estimate odds ratios (ORs) and their 95% confidence intervals (CIs) for two-time vaccination against measles and rubella viruses as mandatory vaccinations and at least one-time vaccination against mumps and varicella-zoster viruses as optional vaccinations. A total of 1,370 (744 medical, 508 paramedical, and 118 pharmaceutical) students were invited to participate, 960 (70.1%) of whom were enrolled in the study. Students aged < 20 years had a greater propensity for measles and rubella vaccinations (OR 7.8 [95% CI, 5.1-11.8] and OR 6.1 [95% CI, 3.7-10.0], respectively) compared with those aged ≥ 20 years. Students with a history of living over-seas for 1 month or longer were more likely to complete vaccination for measles (OR 4.4 [95% CI,.5] compared with those without such history. This significantly high vaccination coverage was attributed to the measles-rubella catch-up campaign by the Japanese government and the immunization regulations by foreign countries. These findings suggest that social regulations would predispose people to complete vaccination.
Introduction
Japan experienced measles outbreaks in both 2006 and 2007 mainly among university students. Improvement of vaccine coverage against vaccine-preventable viral infections is the prime task for preventing outbreaks of viral infections among college students in Japan. To obtain sufficient antibody titers against measles or rubella among college students, a recent study indicated that two or more doses of vaccination are needed (Takeuchi et al. 2013) .
Vaccination behavior is known to be determined by social and domestic factors such as legal obligations, municipal provision of services, access to the health care system, economic and educational status, family structure, and concerns about vaccine safety (Marks et al. 1979; Wood et al. 1995; Holt et al. 1996; Suarez et al. 1997; Morrow et al. 1998; Yusuf et al. 2002; Bardenheier et al. 2004; Allred et al. 2005; Gust et al. 2008; Smith et al. 2011) . However, vaccinee factors associated with complete vaccination against measles, rubella, mumps, and varicella-zoster viruses among university students have not been evaluated in detail.
In Japan, the Maternal and Child Health (MCH) Handbook is issued by local governments and filled out by medical professionals mainly at pre-and post-natal periodic health checkups and on-demand perinatal medical office visits, according to the MCH Law. The MCH Handbook can provide reliable information on immunization status, past history, and perinatal history (Takayanagi et al. 1993; Reich et al. 2008; Centers for Disease Control and Prevention 2009; Osaki et al. 2009; Nakamura 2010) . Among participating university students, this study therefore analyzed information obtained from both the MCH Handbook and a self-administered questionnaire.
Methods
We carried out a case-control study at a single institution in Japan. The 2008 all-year and 2009 first-year students of the faculties of Medicine and Pharmaceutical Sciences at Kyoto University were invited to participate. Information on vaccination and candidate factors were collected from a self-administered questionnaire and a photocopy of each participants' MCH Handbook. The MCH Handbook included dates of measles, rubella, mumps, and varicella-zoster vaccinations, a history of infection with those viruses, birthplace, gestational week, birth weight, history of neonatal asphyxia, history of infectious diseases requiring hospitalization, steroid or immunosuppressive drug usage, and the presence of siblings. We applied logistic regression analysis to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for two-time vaccination against measles and rubella viruses and at least one-time vaccination against mumps and varicella-zoster viruses. We did not include variables in multivariate models if observations were available from fewer than half of the participants or if the number of individual selections for a dichotomized option in a question was less than 10. We performed analyses using Stata 10.0 software (Stata Corporation, College Station, TX, USA). All tests of significance were 2-tailed, and values of P < 0.05 were considered significant.
We obtained individual written, informed consent from all study participants prior to enrollment. This investigation was approved by the Ethics Committee of Kyoto University Graduate School of Medicine.
Results
A total of 1,370 students (medical, n = 744; paramedical, n = 508; pharmaceutical, n = 118) were invited to participate, of whom 960 of them (70.1%) with information on vaccination history were enrolled in the study (Table 1) .
We did not include history of neonatal asphyxia or steroid or immunosuppressive drug usage in the multivariate models because of the small number of observations or selections. Associations between two-time vaccination against measles and rubella viruses and clinico-demographic factors are summarized in Table 1 . In the multivariate analyses, female students were significantly more likely than males to have received measles vaccination (OR 1.5 [95% CI, 1.0-2.2]). Students < 20 years old showed a notably higher OR for measles or rubella vaccination than older students (OR 7.8 [95% CI, ] and OR 6.1 [95% CI, 3.7-10.0], respectively). Students with a history of living overseas for 1 month or longer were significantly more likely to have undergone measles vaccination (OR 4.4 [95% CI, 1.4-13.5]).
Associations between voluntary vaccination against mumps and varicella-zoster viruses and clinico-demographic factors are summarized in Table 2 . Preterm birth or low birth weight were associated with a significantly increased probability of varicella vaccination (OR 2.5 [95% CI, 1.2-5.2]). Absence of siblings was associated with a significantly increased probability of varicella vaccination (OR 1.9 [95% CI, 1.1-3.2]).
Discussion
We elucidated factors associated with complete vaccinations for measles, rubella, mumps, and varicella among university students by analyzing perinatal histories, subsequent life history, and family factors. Significant vaccination-promoting factors were female sex and history of living overseas for 1 month or longer for measles, age < 20 years for both measles and rubella, and preterm birth or low birth weight and absence of siblings for varicella.
Of note, age < 20 years was associated with a marked enhancement of measles and rubella vaccinations. This could be attributed to the governmental measles-rubella catch-up campaign that promoted measles-rubella combined vaccination at 17-18 years old (third-year high school students) promoted throughout Japan in 2008-2013 (Centers for Disease Control and Prevention 2009; Takeuchi et al. 2014) . Likewise, vaccination has been required by the government of Japan for students with an intention to stay abroad for 1 month or longer. Conversely, vaccination for mumps was enforced until 1993 as a combined measlesrubella-mumps vaccine, so younger ages would yield a somewhat decreased OR. Based on these findings, social regulation appears to have a strong effect on vaccination coverage.
The observed high proportion of complete vaccination for varicella among students with preterm birth or low birth weight may be attributed to parental anxiety regarding babies encountering health concerns early in life, which might prompt them to ensure their children undergo vaccination (Rosenstock et al. 1988) .
Potential limitations of the current analysis must be acknowledged when interpreting these findings. First, selection bias might have been present if students with a poor vaccination history hesitated to participate in the study, and would result in an overestimation of the proportion of vaccination behaviors. Second, we could not establish a solid consensus based on our findings, because of the limited number of participants and the imbalanced distribution of outcomes and predictors. For example, only 17% of students received two or more vaccinations for rubella. Third, recall bias of parents responding to the self-administered questionnaire may have distorted the results of the current analysis. A study of measles, rubella, mumps, and varicella among Japanese medical students has previously shown that use of a questionnaire alone is insufficient to provide reliable information (Manago et al. 2004 ). We therefore used the MCH Handbook to obtain objective information about infection and immunization. Despite these various several limitations, the present results will allow discussion of the clinico-demographic factors of vaccinees.
In conclusion, this analysis suggests that social regulation may predispose individuals to complete vaccination. Values are expressed as number or odds ratio. Sample sizes vary between variables because of missing data. *Adjusted for sex, age, birth place, gestational week/birth weight, infectious diseases requiring hospitalization, ≥ 1 month stay abroad, and presence of siblings.
† Cities with ≥ 500,000 inhabitants. ‡ CI, confidence interval. Values are expressed as number or odds ratio. Sample sizes vary between variables because of missing data. *Adjusted for sex, age, birth place, gestational week/birth weight, infectious diseases requiring hospitalization, ≥ 1 month stay abroad, and presence of siblings.
† Cities with ≥ 500,000 inhabitants. ‡ CI, confidence interval.
